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Current and proposed efficient uses of coal involve the interaction of fluid
phases with coal or coal chars. This study deals with the mode of interaction of
gases with coal from the standpoint of analyses related to the structure of coal and
implications pertinent to mechanisms of fluid phase reactidéns. "Coal 1is an amorphous
substance and it is difficult to define its structure.... The fundamental chemistry
of coal liquefaction will probably remain poorly understood until coal structure is
better defined.'" (1) There is considerable effort to define thils structure in terms
of internal surface area and microporosity in studies of vapor (2) (3) (4) and
liquid (5) interactions. Microgravimetric sorption equipment and techniques (6) have
been used to elaborate the thermodynamics and kinetics described in this text. The
coal, high-volatile A-bituminous Illinois No. 6, was obtained at the mine face and
stored in argon prior to grinding (< 200 mesh) in argon.

Sorption-desorption isotherms are given in Figures 1-3 for (a) N [classical
vapor for surface area determinations],(7) (b) CO7 [often suggested as a means of
determining the "effective area' of coal}l,(2) and (c) Hp0 [of interest because of its
inherent content in coal and its potential use as a reactant at elevated temperatures].
Classical BET (7) analyses of the data indicate a marked disparity in the apparent
specific surface area of this coal: 2.8, 128, and 68.2 m2/gm for N3, CO2, and H20
respectively. (The N value is consistent with the predominant 1-10 pm size distri-
bution observed microscopically.) These values vary markedly and seem to be "dominated
by dipolar and London forces" as noted in related studies. (5)

Alternate analyses of the isotherms can be performed in terms of the sorption
potential: e = - RT %n P/Py, (Polyani, circa 1914).(8) Various relationships between
this quantity and the sorbate concentration, I', have been used.(8)

In terms of the chemical (9) and physical structure (10) of coal [polynuclear
aromatic rings with methylenic linkages with numerous polar functional groups, oriented
to some extent in parallel layers] one can readily envision the energetics of the
sorption process to follow a distribution of the type (11) (12) e = ¢° e 3T, 1If we
were to view the substrate as a ylelding "soft" electronic structure (extensive pi bond
network with the polar entities rather randomly distributed), we would anticipate con-
siderable energetic (electronic) perturbation by the sorption processes. Then a
distribution like that above would be expected to apply. Such a model 1s akin to the
image forces induced in the mobile electrons when sorption occurs on metals.(13)

Our experimental results follow the trends inherent in this model for each of the
gases. The data for water is shown in Figure 4. Many have attributed the variation
of sorption capacity to temperature effects on the diffusion rate by virtue of very
large activation energy for diffusion into the coal matrix.(l4) Our kinetic results
were not amenable to interpretation in terms of diffusion mechanisms. However good
adherence to a mass action second order (15) was noted. An example is given in
Figure 5 for one incremental pressure change employed in the construction of the
water isotherm. One should note that this data was obtained under isobariec, con-
trolled pressure, conditions (*0.0001 P,) for the time required to evaluate the
steady state condition at each chosen pressure. The technique and evaluation

*Research sponsored by the Office of Basic Energy Sciences, Division of Material
Sciences, U. S. Department of Energy under contract W-7405-eng-26 with the Union
Carbide Corporation.

358




procedures are outlined elsewhere.(16) Carbon dioxide results were more complex and
indicated that there were two second order processes in play.

With such assurance that we are dealing with steady state conditions, based on
this kinetic continuity and accountability, we can confidently attribute the desorption
retention to structural changes induced in the coal matrix. This retention is totally
removed in vacuo [10-10 P,} albeit quite slowly [24+ hours]. Such behavior could
arise if trace amounts of a second vapor, i.e., H70 in N2, were adsorbed. We have
employed 99.9995% N; and have not noted the retention phenomena on rigid substrates
in this microgravimetric system. Many related systems show a similar retention where
there is a "change in 'structural' arrangement in the molecular network',(17)

We can gain further insight into the process in terms of the molecular proper-
ties of the sorbate molecules. If there are induced effects in the substrate, one
would anticipate the magnitude of the energy of interaction to be proportional to
energy arising from the intermolecular forces between two sorbate molecules in the gas

phase.(18) There is good correlation between the dispersion Qg azhy) and electro-
4

static (% ﬁ%) energies and the ¢° term inherently evaluated in our treatment of the
sorption isotherms in the form of Figure 4. The correlation is shown in Figure 6.

These results are to be contrasted with that predicted for sorption onto a rigid
("hard") electrostatic field (13) and noted experimentally as a first power relation (19)
in polarizability (a) and second power in dipole moment ().

In light of these studies and the marked swelling properties of coal, even on C0Oy
and CHy; sorption, (20) we must question the existence of a fixed definable pore struc-
ture and/or internal surface area of coal. Further analyses on this and coals of
varied rank are warranted. One would anticipate that the results might range from the
marked sorption swelling of cellulosic materials to the intercalation phenomena
noted for graphite.(17)
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FIG. 5. H,0 Rate Analysis

2

o014 P=>0.227 R

/

360 - 1080 min

98, 982 98.3

e b

=~ 2007

FIG. 6. Energy Relation .

_mass_(mg) .

,/
I -
A
o 2
/ .
/!
.0 yi— .
7} -7 -z -5 —4 -5

£° (kcal/mole)



